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OPTICAL FIBERS 



Technical Field 

[0001] The present invention relates to optical 

5 fibers which can be applied to optical transmission 

paths in optical communication systeirts and others. 
Background Art 

[0002] Optical communication systems are 

configured to transmit signal light through optical 

10 fiber as a transmission medium, thereby enabling fast 

transmission/reception of large volume of 
information. Wavelength Division Multiplexing (WDM) 
optical communication systems are configured to 
transmit signal light in which multiple channels of 

15 different wavelengths are multiplexed (multiplexed 

signal light) , thereby enabling 

transmission/reception of larger volume of 
information. In recent years, there are demands for 
further increase of volume in the WDM optical 

20 communication systems and under such circumstances 

there are ideas to narrow the signal channel spacing 
in WDM optical transmission and to expand the 
wavelength band used in WDM optical transmission. 
[0003] In order to expand the signal wavelength 

25 band, studies have been conducted to utilize the 

initial C-band (1530 nm-1565 nm) and also to use the 
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L-band (1565 nm-162 5 nm) and the U-band (1625 nin-1675 
nm) on the longer wavelength side than the C-band. 
In addition, there are also studies to utilize the O- 
band (1260 nm-1360 nm) , the E-band (1360 nm-1460 nm) , 
5 and the S-band (14 60 nm-1530 nm) on the shorter 

wavelength side than the C-band. 

[0004] The optical fibers to transmit signal 

light in such a broad band are demanded to satisfy 
conditions such as a small transmission loss in the 

10 signal wavelength band. The optical fibers applied 

to the optical communication systems are generally 
transmission media consisting primarily of silica 
glass, which have a minimum transmission loss near 
the wavelength of 1550 nm in the C-band and an 

15 increase of loss due to OH-radical at the wavelength 

of 1380 nm. 

[0005] Characteristics of standard single-mode 

optical fiber are defined by International Standard 
(ITU-T G.652). According to this Standard, a 

20 standard single-mode optical fiber has the zero 

dispersion wavelength of 1300 nm-1324 nm, the mode 
field diameter whose center value at the wavelength 
of 1310 nm is 8.6 puTi-9.5 ijm and whose tolerances of 
deviation are ±0.7 ]jm, and the cable cutoff 

25 wavelength of 1260 nm or less. Single-mode optical 

fibers compliant with this Standard are manufactured 
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and sold by many optical fiber makers, for example, 
as described in Non-patent Documents 1 to 4 . 
[0006] On the other hand, as an optical fiber 

for the 1.55]jm wavelength band, for example, Non- 
5 patent Document 5 discloses an optical fiber having 

the transmission loss of 0,154 dB/km at the 
wavelength of 1550 nm, the transmission loss of 0.291 
dB/km at the wavelength of 1300 nm, and the OH- 
related loss increase of 0.75 dB/km at the wavelength 

10 of 1380 nm. Additionally, Patent Document 1 

discloses an optical fiber having the transmission 
loss of 0.170-0.173 dB/km at the wavelength of 1550 
nm and the OH-related loss increase of 0.3 dB/km at 
the wavelength of 1380 nm. 

15 Patent Document 1: U.S. Pat. No. 6,449,415 

Non-patent Document 1: Catalog of Sumitomo 
Electric Industries, Ltd., "Specification for Low 
Water Peak Single-Mode Optical Fiber {G.652D) 
<PureBand TM>, " August 25, 2003 

20 Non-patent Document 2: Catalog of Corning Inc., 

"Corning R SMF-28e TM Optical Fiber Product 
Information," March 2003 

Non-patent Document 3: Catalog of OFS, "AllWave 
R Fiber The New Standard for Single-Mode Fiber," 2003 

25 Non-patent Document 4: Catalog of Alcatel, 

"Alcatel 6901 Enhanced Singlemode Fiber, " January 
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2002 

Non-patent Dociiment 5: Hiroshi Yokota et al., 
"Loss characteristics of ultralow-loss pure silica 
core single-mode fiber, " THE INSTITUTE OF ELECTRONICS 
5 AND COMMUNICATION ENGINEERS, 198 6 General Conference, 

1091 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0007] Inventors investigated the conventional 

10 optical fibers and found the following problems. 

Specifically, the aforementioned standard single-mode 
optical fiber compliant with International Standard 
(ITU-T G.652) is originally designed toward an 
optical transmission path to transmit the signal 

15 light of the 1 ♦ 3pm wavelength band, and thus has a 

problem in terms of transmission quality if it is 
applied to an optical transmission path to transmit 
the signal light of the 1.55pm wavelength band. In 
particular, where the standard single-mode optical 

20 fiber was applied as an optical transmission path of 

a WDM optical communication system to transmit the 
multiplexed signal light of the 1.55pm wavelength 
band, there was the problem that the waveform was 
likely to degrade in each signal channel. 

25 [0008] On the other hand, the optical fiber 

described in the aforementioned Non-patent Document 5 
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is acceptable in view of the small transmission loss 
at the wavelength of 1300 nm, but has the large loss 
increase due to OH-radical at the wavelength of 1380 
nm. In other words, the optical fiber described in 
5 above Non-patent Document 5 has the extremely large 

transmission loss in the wavelength band at and 
around the wavelength of 1380 nm as compared with 
those in the other wavelength bands, and is thus 
unsuitable for signal transmission in the wavelength 

10 band including the wavelength of 1380 nm. 

[0009] The optical fiber described in the 

aforementioned Patent Document 1^ is acceptable in 
view of the small loss increase due to OH-radical at 
the wavelength of 1380 nm, but has the cutoff 

15 wavelength of 1310 nm or more, or has the zero 

dispersion wavelength of 1350 nm. For this reason, 
the optical fiber described in above Patent Document 
1 is unsuitable for signal transmission in the 
wavelength band near the wavelength of 1310 nm. 

20 [0010] The present invention has been 

accomplished in order to solve the problems as 
described above, and an object of the present 
invention is to provide an optical fiber excellent in 
compatibility with the standard single-mode optical 

25 fiber defined by International Standard (ITU-T G.652) 

(capable of high-quality multiplexing transmission in 
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the 1 . 3iain wavelength band), capable of high-quality 
multiplexing transmission in the 1.55vim wavelength 
band as well, and suitable for signal transmission in 
a wider band. 
5 Means for Solving the Problems 

[0011] An optical fiber according to the present 

invention is an optical transmission medium which 
comprises a core region extending along a 
predetermined axis, and a cladding region provided on 

10 an outer periphery of the core region, and which is 

mainly comprised of silica glass. Particularly, an 
optical fiber according to a first embodiment has a 
cable cutoff wavelength of 1260 nm or less, a 
transmission loss of 0.32 dB/km or less at the 

15 wavelength of 1310 nm, and an OH-related loss 

increase of 0.3 dB/km or less at the wavelength of 
138 0 nm. 

[0012] Since the optical fiber with the 

characteristics as described above is the 

20 transmission medium mainly comprised of silica glass, 

the transmission loss is minimum near the wavelength 
of 1550 nm. The optical fiber has the small 
transmission loss at the wavelength of 1310 nm and 
also has the small loss increase due to OH-radical at 

25 the wavelength of 1380 nm. Furthermore, since the 

cable cutoff wavelength is 1260 nm or less, the 
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foregoing optical fiber is able to secure low-loss 
and single-mode transmission of signal light in a 
wide signal wavelength band ranging from the 0-band 
to the L-band. 

5 [0013] In the optical fiber according to the 

first embodiment, the transmission loss at the 
wavelength of 1310 nm is more preferably 0.30 dB/km 
or less. In this case, the optical fiber is able to 
transmit the signal light near the wavelength of 1310 

10 nm with lower loss over a long haul. 

[0014] In the optical fiber according to the 

first embodiment, a transmission loss at the 
wavelength of 1380 nm is preferably smaller than the 
transmission loss at the wavelength of 1310 nm. This 

15 is advantageous in low-loss and long-haul 

transmission of signal light near the wavelength of 
1380 nm. 

[0015] In the optical fiber according to the 

first embodiment, a difference between the 

20 transmission loss at the wavelength of 1310 nm and 

the transmission loss at the wavelength of 1550 nm is 
preferably 0.13 dB/]cm or less. In this case, the 
difference is small between the transmission losses 
at the two wavelengths of 1310 nm and 1550 nm, and it 

25 is thus feasible to implement transmission of signal 

light with homogeneous quality in a wide signal 
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wavelength band. 

[0016] In the optical fiber according to the 

first embodiment, a zero dispersion wavelength 
thereof is preferably 1300 nm or more but 1324 nm or 
5 less. In this case, the zero dispersion wavelength 

of the optical fiber is nearly equal to the zero 
dispersion wavelength of the standard single-mode 
optical fiber, and thus the optical fiber is 
excellent in compatibility with the standard single- 
10 mode optical fiber and advantageous in view of 

dispersion compensation • 

[0017] In the optical fiber according to the 

first embodiment, a polarization mode dispersion 
thereof is preferably 0.5 ps/km^^^ or less at the 

15 wavelength of 1550 nm. In this case, it becomes 

feasible to adequately reduce degradation of signal 
transmission performance due to the polarization mode 
dispersion on the occasion of carrying out high-bit- 
rate transmission . 

20 [0018] In the optical fiber according to the 

first embodiment, a bending loss thereof in a bending 
diameter of 20 mm at the wavelength of 1550 nm is 
preferably 3 dB/m or less. In this case, it is 
feasible to reduce increase of loss due to microbend 

25 when the optical fiber is wound and housed in a coil 

form or when the optical fiber is laid. 
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[0019] In the optical fiber according to the 

first embodiment, a Petermann-I mode field diameter 
thereof at the wavelength of 1550 nm is preferably 
10.0 )im or less. In this case, it is feasible to 
5 reduce increase of loss due to microbend in a cable 

form. 

[0020] On the other hand, an optical fiber 

according to a second embodiment may have a cable 
cutoff wavelength of 1260 nm or. less, a mode field 

10 diameter of 9 ym or less at the wavelength of 1310 

nm, and a dispersion slope of 0.055 ps/nm^/km or less 
at the wavelength of 1550 nm. The optical fiber may 
further have a chromatic dispersion of 16 ps/nm/km or 
less, more preferably 15 ps/nm/km or less, at the 

15 wavelength of 1550 nm. 

[0021] An optical fiber according to a third 

embodiment may have a mode field diameter of 9 \xm or 
less at the wavelength of 1310 nm, and a dispersion 
slope of 0.082 ps/nm^/km or less at a zero dispersion 

20 wavelength. In the optical fiber herein, the 

dispersion slope at the zero dispersion wavelength is 
preferably 0.080 ps/nm^/km or less. 

[0022] By adopting these optical fibers 

according to the second and third embodiments, it 
25 becomes feasible to achieve high-quality signal 

transmission even in cases where the multiplexed 
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signal light of the l.SSym wavelength band is 
transmitted. In addition, these optical fibers of 
the second and third embodiments have excellent 
compatibility with the standard single-mode optical 
5 fiber defined by International Standard (ITU-T 

G.652). Namely, it becomes feasible to design and 
construct an optical communication system to which 
the optical fiber according to the present invention 
is applied, just as in the case of the optical 

10 communication systems to which the conventional 

single-mode optical fibers are applied. It also 
becomes feasible to construct an optical 
communication system in which the optical fiber 
according to the present invention is mixed with the 

15 conventional single-mode optical fibers. 

[0023] In the optical fibers of the second and 

third embodiments, the transmission loss at the 
wavelength of 1550 nm is preferably 0'.176 dB/km or 
less. In this case, it becomes feasible to construct 

20 an optical transmission path to transmit the signal 

light of the 1.55|im wavelength band without a 
repeater over a long haul . 

[0024] In the optical fibers of the second and 

third embodiments, preferably, the transmission loss 
25 at the wavelength of 1310 nm is 0.32 dB/km or less 

and the loss increase due to OH-radical at the 
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wavelength of 1380 nm is 0.3 dB/km or less. In this 
case, it becomes feasible to construct an optical 
transmission path to transmit signal light of a wide 
band besides the 1 . 55iam wavelength band without a 
5 repeater over a long haul . 

[0025] The optical fibers of the second and 

third embodiments may be configured so that the zero 
dispersion wavelength is set to be 1300 nm or more 
but 1324 nm or less, whereby they can have further 
10 excellent compatibility with the standard single-mode 

optical fiber defined by International Standard (ITU- 
T G. 652) . 

[0026] In the optical fibers of the first to 

third embodiments having the structure as described 

15 above, preferably, the cladding region is doped with 

fluorine, and the core region is not doped with Ge02 . 
In order to achieve the various optical 
characteristics as described above, these optical 
fibers of the first to third embodiments are so 

20 designed that an outer diameter of the core region is 

7.5 \im or more but 8.6 \im or less and that a relative 
refractive index difference of the core region with 
respect to the cladding region is 0.36% or more but 
0.42% or less. 

25 Effect of the Invention 

[0027] The present invention provides the 
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optical fibers excellent in compatibility with the 
standard single-mode optical fiber defined by 
International Standard (ITU-T G.652) (capable of 
high-quality multiplexing transmission in the 1 . 3^m 
5 wavelength band) , capable of high-quality 

multiplexing transmission in the l.SSijm wavelength 
band as well, and suitable for signal transmission in 
a wider band. 

Brief Description of the Drawings 
10 [0028] Fig. 1 is a sectional view and a 

refractive index profile for explaining a structure 
of an optical fiber according to the present 
invention. 

Fig. 2 is a graph showing wavelength dependence 
15 of transmission loss of an optical fiber according to 

the present invention. 

Fig. 3 is a graph showing wavelength dependence 
of chromatic dispersion of an optical fiber according 
to the present invention. 
20 Fig. 4 is a step diagram for explaining a 

production method of a sample prepared as an optical 
fiber according to the present invention. 

Fig. 5 is a table showing a list of various 
characteristics of each of Sample A prepared as an 
25 optical fiber according to the present invention, and 

Comparative Example A. 
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Fig. 6 is a graph showing wavelength dependence 
of transmission loss of each of Sample A prepared as 
an optical fiber according to the present invention, 
and Comparative Example A. 
5 Fig. 7 is a graph showing a chromatic 

dispersion characteristic of an optical fiber 
according to the present invention, with respect to a 
chromatic dispersion characteristic of the standard 
single-mode optical fiber defined by International 

10 Standard (ITU-T G.652). 

Fig. 8 is a table showing a list of various 
characteristics of optical fibers according to 
respective Samples B-I and Comparative Example B. 

Fig. 9 is a graph showing locations of (MFD, 

15 Acc) of the optical fibers of respective Samples B-F 

and Comparative Example B on a two-dimensional space 
defined by the horizontal axis of the mode field 
diameter MFD at the wavelength of 1310 nm and the 
vertical axis of the cable cutoff wavelength Acc/ and 

20 also showing equal chromatic dispersion curves. 

Fig. 10 is a graph showing locations of (MFD, 
Acc) of the optical fibers of respective Samples B-F 
and Comparative Example B on a two-dimensional space 
defined by the horizontal axis of the mode field 

25 diameter MFD at the wavelength of 1310 nm and the 

vertical axis of the cable cutoff wavelength Acc/ and 
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also showing equal dispersion slope curves. 
Description of Reference Symbols 
[0029] 10: optical fiber 

11: core region 
5 12: cladding region 

Best Modes for Carrying out the Invention 
[0030] Each of embodiments of optical fibers 

according to the present invention will be described 
below in detail with reference to each of Figs. 1 to 

10 10. The same elements will be denoted by the same 

reference symbols throughout the description of the 
drawings, without redundant description. 
[0031] Fig. 1 is an illustration for explaining 

a structure of an optical fiber according to the 

15 present invention. In Fig. 1, the area (a) is an 

illustration showing the cross-sectional structure 
perpendicular to the optical axis of optical fiber 
10, and the area (b) is a refractive index profile of 
optical fiber 10. As shown in the area (a) of Fig. 

20 1, the optical fiber 10 has a core region 11 with an 

outer diameter 2a having a circular cross section in 
the center, and a cladding region 12 surrounding the 
outer periphery of the core region 11. In the 
refractive index profile of optical fiber 10 shown in 

25 the area (b) of Fig. 1, the relative refractive index 

difference of the core region 11 to the cladding 
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region 12 is An. 

[0032] The optical fiber 10 is mainly comprised 

of silica glass and is preferably made so that the 
cladding region 12 is doped with fluorine and the 
5 core region 11 is pure silica glass without being 

doped with Ge02 . This is advantageous in reduction of 
transmission loss. The cable cutoff wavelength of 
optical fiber 10 is 1260 nm or less. 
[0033] 

10 Fig. 2 is a graph showing the wavelength 

dependence of transmission loss of an optical fiber 
according to the present invention. Since the 
optical fiber 10 is mainly comprised of silica glass, 
the transmission loss becomes minimiam near the 

15 wavelength of 1550 nm, as shown in Fig. 2. The 

transmission loss at the wavelength of 1550 nm will 
be represented by aisso- In the optical fiber 10, the 
transmission loss aiaio at the wavelength of 1310 nm 
is 0.32 dB/km or less, and the OH-related loss 

20 increase Aaiaso at the wavelength of 1380 nm is 0.3 

dB/km or less . 

[0034] In this optical fiber 10, the 

transmission loss aiaio at the wavelength of 1310 nm 
is small, and the loss increase Aaiaeo due to OH- 
25 radical at the wavelength of 1380 nm is also small. 

Furthermore, since the cable cutoff wavelength is 
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1260 niti or less, this optical fiber 10 ensures 
transmission of signal light with low loss and in the 
single mode in a wide signal wavelength band ranging 
from the 0-band to the L-band. 
5 [0035] In the optical fiber 10, the transmission 

loss ai3io at the wavelength of 1310 nm is more 
preferably 0.30 dB/km or less and, in this case, the 
signal light near the wavelength of .1310 nm can be 
transmitted with lower loss and over a longer haul, 

10 [0036] In the optical fiber 10, the transmission 

loss ai38o at the wavelength of 1380 nm is preferably 
smaller than the transmission loss aiaio at the 
wavelength of 1310 nm and this is advantageous in 
transmitting the signal light near the wavelength of 

15 1380 nm with low loss and over a long haul. 

[0037] In the optical fiber 10, a difference Aa 

(= Ofi55o - oci3io) between the transmission loss aisso at 
the wavelength of 1550 nm and the transmission loss 
ocisio at the wavelength of 1310 nm is preferably 0.13 

20 dB/km or less. In this case, since the difference is 

small between the transmission losses at the two 
wavelengths, it becomes feasible to implement 
transmission of signal light with homogeneous 
performance in a wide signal wavelength band. 

25 [0038] Fig. 3 is a graph showing the wavelength 

dependence of chromatic dispersion of an optical 
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fiber according to the present invention. As shown 
in this Fig. 3, the longer the wavelength, the larger 
the chromatic dispersion of the optical fiber 10. 
The zero dispersion wavelength Ao of the optical 
5 fiber 10 is 1300 nm or more but 1324 nm or less. In 

this case, the zero dispersion wavelength of the 
optical fiber 10 is nearly equal to that of the 
standard single-mode optical fiber, and thus the 
optical fiber 10 is excellent in compatibility with 

10 the standard single-mode optical fiber and 

advantageous in view of dispersion compensation. 
[0039] Furthermore, in the optical fiber 10 the 

polarization mode dispersion at the wavelength of 
1550 nm is preferably 0.5 ps/km^"^^ or less. In this 

15 case, it is feasible to reduce degradation of 

transmission performance of signal light due to the 
polarization mode dispersion on the occasion of 
carrying out high-bit-rate transmission. In the 
optical fiber 10, the bending loss in the bending 

20 diameter of 20 mm at the wavelength of 1550 nm is 

preferably 3 dB/m or less. In this case, it becomes 
feasible to reduce increase of loss due to microbend 
when the optical fiber is wound and housed in a coil 
form or when it is laid. In the optical fiber 10, 

25 the Petermann-I mode field diameter at the wavelength 

of 1550 nm is preferably 10.0 \im or less. In this 
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case, it is feasible to reduce increase of loss due 
to microbend in a cable form. 

[0040] Next, a first sample (Sample A) prepared 

as an optical fiber according to the present 
5 invention will be described together with a first 

comparative example (Comparative Example A) . 
[0041] The optical fiber of Sample A has the 

sectional structure and refractive index profile 
shown in Fig. 1, the core region thereof is made of 

10 pure silica glass, and the cladding region is made of 

fluorine-doped silica glass. The outer diameter 2a 
of the -core region is 7.9 jam and the outer diameter 
2b of the cladding region 125 lam. The relative 
refractive index difference An of the core region 

15 with respect to the refractive index of the cladding 

region is 0.39%. In contrast to it, the optical 
fiber of Comparative Example A is the standard 
single-mode optical fiber, in which the core region 
thereof is made of GeOa-doped silica glass and in 

20 which the cladding region is made of pure silica 

glass. 

[0042] This optical fiber of Sample A is 

produced by a production method described below. 
Specifically, Fig. 4 is a step diagram for explaining 
25 a production method of each sample as an optical 

fiber according to the present invention. In the 

18 



FP04-0272-00 



production process shown in Fig. 4, a high-purity 
silica glass rod is prepared by VAD, and this glass 
rod is drawn in a heating furnace at the temperature 
of about 2000''C to create a glass rod 2 having the 
5 outer diameter of 3 mm and the length of 50 cm. In 

addition, a glass pipe 1 of fluorine-doped silica 
glass having the relative refractive index difference 
of -0.39% to pure silica glass is also prepared by 
VAD. This glass pipe 1 has the outer diameter of 20 

10 mm and the inner diameter of 6 mm. 

[0043] In a state in which the glass rod 2 is 

inserted in the glass pipe 1 with a tape heater 7 
around, as shown in the area (a) of Fig. 4, clean N2 
gas (in which the H2O content is 0.5 ppm or less by 

15 volume and the content of the other H-containing 

gases is 0.1 ppm or less by volume) is allowed to 
flow at the flow rate of 2000 cc/min (hereinafter 
expressed as seem) as a converted value in the 
standard temperature and pressure (the temperature of 

20 0°C and the pressure of 1 atm) through pipe 5 on the 

first end side of the glass pipe 1 into the glass 
pipe 1. On the other hand, the interior of the glass 
pipe 1 is evacuated through pipe 6 on the second end 
side of the glass pipe 1 up to the pressure of 2.5 

25 kPa inside the glass pipe 1. At this time, not only 

region A to be heated at the temperature of 550 ®C or 
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more in each of the glass pipe 1 and glass rod 2 in 
each of subsequent steps of impurity removal, 
sealing, and unhollowing, but also region B including 
portions 200 mm long on both sides of region A are 
heated^ at the temperature of 200''C by the tape heater 
7. The heated region B is set to include a range to 
be heated at the temperature of 550^Cor more in a 
subsequent unhollowing step. This state is 

maintained for four hours, while the aforementioned 
clean N2 gas is allowed to flow and is discharged. 
[0044] Subsequently, as shown in the area (b) of 

Fig. 4, a metal impurity removing gas (e.g., CI2 or 
SOCI2) is introduced through the pipe 5 on the first 
end side of glass pipe 1 into the glass pipe 1, and 
the glass pipe 1 and glass rod 2 are heated at the 
temperature of 1150°C by heat source 3. This results 
in removing metal impurities attached to each of the 
internal wall surface of the glass pipe 1 and the 
surface of the glass rod 2. 

[0045] Thereafter, as shown in the area (c) of 

Fig. 4, the second end side of the glass pipe 1 is 
heated and melted by heat source 3, whereby the glass 
pipe 1 and the glass rod 2 are bonded so as to seal 
the region indicated by arrow S. The interior of the 
glass pipe 1 is depressur ized into a vacuum state of 
pressure of 0.01 kPa or less through a gas line 8 as 
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an exhaust pipe by a vacuum pump. Thereafter, clean 
N2 gas (in which the H2O content is 0.5 ppm or less by 
volume and in which the content of the other H- 
containing gases is 0.1 ppm or less by volume) is 
5 introduced through the pipe 5 on the first end side 

of glass pipe 1 into the glass pipe 1. At this time, 
the vacuum pump is stopped to pressurize the interior 
of the glass pipe 1 to the pressure of 105 kPa . This 
depressurizing and pressurizing cycle is repeated 

10 three times to eliminate the gas (mainly H2O) 

adsorbed on each of the inner wall surface of the 
glass pipe 1 and the surface of the glass rod 2. 
[0046] Then the heat source 3 is sequentially 

moved from the second end side toward the first end 

15 side of the glass pipe 1, as shown in the area (d) of 

Fig. 4, to heat and melt the glass pipe 1 and the 
glass rod 2 to effect unhollowing (rod-in collapse 
method) . At this time, CI2 gas of 500 seem and O2 gas 
of 500 seem are introduced into the interior of the 

20 glass pipe 1. The pressure inside the glass pipe 1 

is -1 kPa as a gage pressure, and the temperature of 
the outer surface of the glass pipe 1 during the 
unhollowing step is 1600°C. A first preform is 
obtained through the above steps. 

25 [0047] This first preform has the outer diameter 

of 19 mm and the length of 400 mm, and a ratio of 



21 



FP04-0272-00 



core diameter to cladding diameter is 6.6. 
Furthermore, this first preform is drawn to obtain a 
second preform having the outer diameter of 14 mm. 
Microparticles of SlOz obtained by introducing SiCl4 
5 into H2/O2 flame are deposited onto the outer 

periphery of the second preform with the outer 
diameter of 14 mm until the outer diameter becomes 
120 mm. The deposit obtained in this manner is 
further heated to the temperature of 800 °C in a 

10 furnace. The furnace temperature is increased at a 

temperature rise rate of 33°C/min up to the 
temperature of 1500°C. During this period. He gas of 
15000 seem and SFe gas of 450 seem are introduced 
into the furnace. A fiber preform is obtained as 

15 described above. Then this fiber preform is drawn 

into a fiber, thereby obtaining each sample of an 
optical fiber according to the present invention. 
[0048] Fig. 5 is a table showing a list of 

various characteristics of the above-described 

20 optical fibers of Sample A and Comparative Example A. 

Fig. 6 is a graph showing the wavelength dependence 
of transmission loss of each of the optical fibers of 
Sample A and Comparative Example A. In Fig. 6, a 
solid line represents the transmission loss of the 

25 optical fiber of Sample A, and a dashed line the 

transmission loss of the optical fiber of Comparative 
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Example A. 

[0049] As can be seen from these Figs. 5 and 6, 

the optical fiber of Comparative Example A has the 
transmission loss aiaio at the wavelength of 1310 nm 
5 of 0.33 dB/km, the transmission loss aiaeo at the 

wavelength of 1380 nm of 0.62 dB/km; the transmission 
loss ai55o at the wavelength of 1550 nm of 0.19 dB/km, 
the loss difference Aa (= aisso - cxiaio) of 0.14 dB/km; 
the loss increase Aaiaso due to OH-radical at the 

10 wavelength of 1380 nm of 0.31 dB/km. 

[0050] On the other hand, the optical fiber of 

Sample A has the transmission loss aiaio at the 
wavelength of 1310 nm of 0.29 dB/km, the transmission 
loss ai38o at the wavelength of 1380 nm of 0.27 dB/km, 

15 the transmission loss aisso at the wavelength of 1550 

nm of 0.17 dB/km, the loss difference Aa of 0.12 
dB/km, and the loss increase Aaiaeo due to OH-radical 
at the wavelength of 1380 nm of 0.03 dB/km. 
[0051] The optical fiber of Sample A also has 

20 the cable cutoff wavelength of 122 0 nm, the zero 

dispersion wavelength of 1310 nm, the mode field 
diameter of 9.7 ym at the wavelength of 1550 nm, and 
the bending loss of 2 dB/m in the bending diameter of 
20 mm at the wavelength of 1550 nm. 

25' [0052] Furthermore, the optical fiber of Sample 

A is one in which noncircularity of each of the core 
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region and the cladding region is well suppressed, 
and in which the polarization mode dispersion at the 
wavelength of 1550 nm is 0.1 ps/krn^^^ or less in a 
bobbin-wound state, and is 0.03 ps/km^^^ or less in a 
5 bundle-coiled state in which external force is 

reduced. 

[0053] Next, second to ninth samples (Samples B- 

I) prepared as optical fibers according to the 
present invention will be described in detail in 
10 comparison with a second comparative example 

(Comparative Example B) . 

[0054] Samples B-I prepared as optical fibers, 

according to the present invention have the sectional 
structure and refractive index profile shown in Fig. 

15 1. Namely, the optical fibers of respective Samples 

B-I have the core recfion with the outer diameter 2a, 
and the cladding region surrounding the outer 
periphery of the core region. The refractive index 
of the core region is higher than that of the 

20 cladding region, and the relative refractive index 

difference An of the core region with respect to the 
refractive index of the cladding region is positive. 
[0055] Each of those optical fibers 1 of Samples 

B-I is also mainly comprised of silica glass, and 

25 both or one of the core region and the cladding 

region is doped with a dopant for adjustment of 
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refractive index. The core region may be doped with 
Ge02 and the cladding region may be made of pure 
silica glass; however, the core region is preferably 
made of pure silica glass without being doped with 
5 GeOa and the cladding region is preferably doped with 

fluorine- This composition can reduce the 

transmission loss of the resultant optical fiber. 
[0056] Fig. 7 is a graph showing the chromatic 

dispersion characteristic of an optical fiber 

10 according to the present invention, with respect to 

the chromatic dispersion characteristic of the 
standard single-mode optical fiber defined by 
International Standard (ITU-T G.652). In this Fig. 
1, graph G710 indicates the chromatic dispersion 

15 characteristic of the optical fiber according to the 

present invention, and graph G720 the chromatic 
dispersion characteristic of the standard single-mode 
optical fiber defined by International Standard (ITU- 
T G.652). In this optical fiber, similar to the 

20 standard single-mode optical fiber, the zero 

dispersion wavelength is near the wavelength of 1300 
nm, and the dispersion slope is positive in the range 
of wavelengths of 1200 nm to 1700 nm. However, the 
optical fiber has a smaller chromatic dispersion and 

25 a smaller dispersion slope at the wavelength of 1550 

nm than the standard single-mode optical fiber. 
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[0057] Namely, in the optical fiber according to 

the present invention, the dispersion slope at the 
wavelength of 1550 nm is 0.055 ps/nm^/km or less, and 
the chromatic dispersion at the wavelength of 1550 nm 
5 is 16 ps/nm/km or less and more preferably 15 

ps/nm/km or less. In the optical fiber according to 
the present invention, the cable cutoff wavelength is 
1260 nm or less and the mode field diameter at the 
wavelength of 1310 nm is 9 \im or less. 

10 [0058] In another aspect, the optical fiber 

according to the present invention is characterized 
as follows: the mode field diameter at the wavelength 
of 1310 nm is 9 pm or less, and the dispersion slope 
at the zero dispersion wavelength is 0.082 ps/nm^/km 

15 or less and more preferably 0.080 ps/nm^/km or less. 

[0059] By applying such an optical fiber as an 

optical transmission path, it becomes feasible to 
implement signal transmission with high quality in 
cases where the multiplexed signal light of the 

20 1.55]jm wavelength band is transmitted. In addition, 

the optical fiber is excellent in compatibility with 
the standard single-mode optical fiber defined by 
International Standard (ITU-T G.652). . Namely, as in 
the case of the optical communication systems in 

25 which the conventional single-mode optical fibers are 

applied to optical transmission paths, it becomes 
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feasible to design and construct an optical 
communication system in which the optical fiber 
according to the present invention is applied to an 
optical transmission path. It also becomes feasible 
5 to construct an optical communication system in which 

the optical fiber according to the present invention 
is mixed with the conventional single-mode optical 
fibers • 

[0060] In addition, in ■ the optical fiber 

10 according to the present invention the transmission 

loss at the wavelength of 1550 nm is preferably 0.176 
dB/km or less. The reason for it is that it becomes 
feasible to construct an optical transmission path to 
transmit signal light of the 1.55ym wavelength band 

15 without a repeater over a long haul. Furthermore, 

preferably, the transmission loss at the wavelength 
of 1310 nm is 0.32 dB/km or less and the loss 
increase due to OH-radical at the wavelength of 1380 
nm is 0.3 dB/km or less. In this case, it becomes 

20 feasible to construct an optical transmission path to 

transmit signal light of not only the 1 . 55ijm 
wavelength band but also a wide band including the 
1.55]am wavelength band, without a repeater over a 
long haul. Where the zero dispersion wavelength is 

25 1300 nm or more but 1324 nm or less, excellent 

compatibility is obtained with the standard single- 
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mode optical fiber defined by International Standard 
(ITU-T G. 652) . 

[0061] Next/ the second to ninth samples 

(Samples B-I) of optical fibers according to the 
5 present invention will be described with reference to 

Figs. 8 to 10. Fig. 8 is a table showing a list of 
various characteristics of the optical fibers of 
respective Samples B-I and Comparative Example B. 
The optical fibers of respective Samples B-I have the 

10 sectional structure and refractive index profile 

shown in Fig. 1. Namely, the core region is made of 
pure silica glass and the cladding region of 
fluorine-doped silica glass. On the other hand, the 
optical fiber of Comparative Example B is a single- 

15 mode optical fiber compliant with International 

Standard (ITU-T G.652)/ in which the core region is 
made of Ge02-doped silica glass and in which the 
cladding region is made of pure silica glass. 
[0062] This Fig. 8 presents the characteristics 

20 of each optical fiber of Samples B-I and Comparative 

Example B: the relative refractive index difference 
An (%), the core diameter 2a (vim), the cable cutoff 
wavelength (nm) , the mode field diameter (pm) at the 
wavelength of 1310 nm, the zero dispersion wavelength 

25 (nm) , the chromatic dispersion (ps/nm/lcm) at the 

wavelength of 1550 nm, the dispersion slope 
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(ps/nm^/km) at the wavelength of 1550 nm, the zero 
dispersion slope (ps/nm^/km) , the transmission loss 
(dB/km) at the wavelength of 1310 nm, the 
transmission loss (dB/km) at the wavelength of 1380 
5 nm, the loss increase (dB/km) due to OH-radical at 

the wavelength of 1380 nm, the transmission loss 
(dB/km) at the wavelength of 1550 nm; and the fiber 
structure • 

[0063] Specifically/ in the optical fiber of 

10 Sample B, the relative refractive index difference An 

is 0.38%, the core diameter 2a is 7.80 ym, the cable 
cutoff wavelength is 1166 nm, the mode field diameter 
at the wavelength of 1310 nm is 8.53 ^m, the zero 
dispersion wavelength is 1318 nm, the chromatic 
15 dispersion at the wavelength of 1550 nm is 14.97 

ps/nm/km, the dispersion slope at the wavelength of 
1550 nm is 0.0540 ps/nm^/km, and the zero dispersion 
slope is 0.0793 ps/nm^/km. 

[0064] In the optical fiber of Sample C, the 

20 relative refractive index difference An is 0.395%, 

the core diameter 2a is 8.16 ym, the cable cutoff 
wavelength is 1230 nm, the mode field diameter at the 
wavelength of 1310 nm is 8.60 lom, the zero dispersion 
wavelength is 1313 nm, the chromatic dispersion at 
25 the wavelength of 1550 nm is 15.46 ps/nm/km, the 

dispersion slope at the wavelength of 1550 nm is 
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0.0544 ps/nin^/km, and the zero dispersion slope is 
0.0806 ps/nm^/km. 

[0065] In the optical fiber of Sample D, the 

relative refractive index difference An is 0.39%, the 
5 core diameter 2a is 8.02 pm, the cable cutoff 

wavelength is 1200 nm, the mode field diameter at the 
wavelength of 1310 nm is 8.57 pm, the zero dispersion 
wavelength is 1313 nm, the chromatic dispersion at 
the wavelength of 1550 nm is 15.39 ps/nm/km, the 
10 dispersion slope at the wavelength of 1550 nm is 

0.0537 ps/nm^/km, and the zero dispersion slope is 
0.0801 ps/nm^/km. 

[0066] In the optical fiber of Sample E, the 

relative refractive index difference An is 0.395%, 

15 the core diameter 2a is 7.56 ym, the cable cutoff 

wavelength is 1135 nm, the mode field diameter at the 
wavelength of 1310 nm is 8.37 ym, the zero dispersion 
wavelength is 1318 nm, the chromatic dispersion at 
the wavelength of 1550 nm is 14.86 ps/nm/km, the 

20 dispersion slope at the wavelength of 1550 nm is 

0.0531 ps/nm^/km, and the zero dispersion slope is 
0.0789 ps/nm^/km. 

[0067] In the optical fiber of Sample F, the 

relative refractive index difference An is 0.42%, the 
25 core diameter 2a is 7.60 ]am, the cable cutoff 

wavelength is 1260 nm, the mode field diameter at the 
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wavelength of 1310 nm is 8.33 ijun, the zero dispersion 
wavelength is 1307 nm, the chromatic dispersion at 
the wavelength of 1550 nm is 15.75 ps/nm/km, the 
dispersion slope at the wavelength of 1550 nm is 
5 0.0536 ps/nm^/km, and the zero dispersion slope is 

0.0816 ps/nm^/km. 

[0068] In the optical fiber of Sample the 

relative refractive index difference An is 0.385%, 
the core diameter 2a is 8.14 ym, the cable cutoff 

10 wavelength is 1184 nm, the mode field diameter at the 

wavelength of 1310 nm is 8.72 ym, the zero dispersion 
wavelength is 1312 nm, the chromatic dispersion at 
the wavelength of 1550 nm is 15.90 ps/nm/km, the 
dispersion slope at the wavelength of 1550 nm is 

15 0.0547 ps/nm^/km, and the zero dispersion slope is 

0.0800 ps/nm^/km. 

[0069] In the optical fiber of Sample H, the 

relative refractive index difference An is 0.38%, the 
core diameter 2a is 8.52 pm, the cable cutoff 

20 wavelength is 122 6 nm, the mode field diameter at the 

wavelength of 1310 nm is 8.92 ym, the zero dispersion 
wavelength is 1304 nm, the chromatic dispersion at 
the wavelength of 1550 nm is 16.66 ps/nm/km, the 
dispersion slope at the wavelength of 1550 nm is 

25 0.0548 ps/nm^/km, and the zero dispersion slope is 

0.0819 ps/nm^/km. 
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[0070] In the optical fiber of Sample I, the 

relative refractive index difference An is 0.36%, the 
core diameter 2a is 8.10 ym, the cable cutoff 
wavelength is 1133 nm, the mode field diameter at the 
wavelength of 1310 nm is 8.92 pm, the zero dispersion 
wavelength is 1317 nm, the chromatic dispersion at 
the wavelength of 1550 nm is 15.39 ps/nm/km, the 
dispersion slope at the wavelength of 1550 nm is 
0.0544 ps/nm^/km, and the zero dispersion slope is 
0.0790 ps/nm^/km. 

[0071] Regarding all the optical fibers of 

Samples B-F, the transmission loss at the wavelength 
of 1310 nm is 0.32 dB/km or less; the transmission 
loss at the wavelength of 1380 nm is 0.31 dB/km or 
less, the loss increase due to OH-radical at the 
wavelength of 1380 nm is 0.10 dB/km or less, and the 
transmission loss at the wavelength of 1550 nm is 
0.176 dB/km or less. Each of the optical fibers has 
the pure silica core and the F-doped cladding. 

[0072] On the other hand, the optical fiber of 

Comparative Example B has the cable cutoff wavelength 
of 1158 nm, the mode field diameter of 9.13 jam at the 
wavelength of 1310 nm, the zero dispersion wavelength 
of 1316 nm, the chromatic dispersion of 16.50 
ps/nm/Jan at the wavelength of 1550 nm, the dispersion 
slope of 0.0584 ps/nm^/km at the wavelength of 1550 
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nm, and the zero dispersion slope of 0.0850 
ps/nm^/km. In addition, the transmission loss at the 
wavelength of 1310 nm is 0.33 dB/km or less, the 
transmission loss at the wavelength of 1380 nm is 
5 0.62 dB/km, the loss increase due to OH-radical at 

the wavelength of 1380 nm is 0.31 dB/km or less, and 
the transmission loss at the wavelength of 1550 nm is 
0.19 dB/km or less. This optical fiber of 

Comparative Example B has the Ge-doped core and the 

10 pure silica cladding. 

[0073] Fig 9 is a graph showing locations of 

(MFD, Acc) of the optical fibers of respective Samples 
B-F and Comparative Example B, on a two-dimensional 
space in which the horizontal axis represents the 

15 mode field diameter MFD at the wavelength of 1310 nm 

and the vertical axis the cable cutoff wavelength Acc/ 
and also showing equal chromatic dispersion curves at 
the wavelength of 1550 nm. In this Fig. 9, marks AB- 
AF indicate (MFD, Acc) of the optical fibers of 

20 Samples B-F, and mark AB (MFD, Acc) of the optical 

fiber of Comparative Example B. Graph G910 indicates 
an equal chromatic dispersion curve of a standard 
single-mode optical fiber with the chromatic 
dispersion of 17 ps/nm/km or less, graph G920 an 

25 equal chromatic dispersion curve of a standard 

single-mode optical fiber with the chromatic 
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dispersion of 16 ps/niu/kiu or less, and graph G930 an 
equal chromatic dispersion curve of a standard 
single-mode optical fiber with the chromatic 
dispersion of 15 ps/nm/km or less. On the other 
5 hand/ graph G94 0 indicates an equal chromatic 

dispersion curve of a fiber having the pure silica 
core with the chromatic dispersion of 16 ps/nm/km or 
less, and graph G950 an equal chromatic dispersion 
curve of an optical fiber having the pure silica core 

10 with the chromatic dispersion of 16 ps/nm/km or less. 

[0074] As can be seen from Fig. 9, the optical 

fiber of each sample has the small chromatic 
dispersion even with the same MFD and Acc/ in 
comparison with the optical fiber of Comparative 

15 Example B. 

[0075] Fig. 10 is a graph showing locations of 

(MFD, Acc) of the optical fibers of respective Samples 
B-F and Comparative Example B, on the two-dimensional 
space in which the horizontal axis represents the 

20 mode field diameter MFD at the wavelength of 1310 nm 

and the vertical axis the cable cutoff wavelength Xccr 
and also showing equal dispersion slope curves at the 
wavelength of 1550 nm. In 'this Fig. 10, marks AB-AF 
indicate (MFD, Acc) of the optical fibers of Samples 

25 B-F, and mark AB (MFD, Acc) of the optical fiber of 

Comparative Example B. Graph 1010 indicates an equal 
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dispersion slope curve of a standard single-mode 
optical fiber with the dispersion slope of 0.055 
ps/nm^/km or less, and graph 1020 an equal dispersion 
slope curve of a standard single-mode optical fiber 
with the dispersion slope of 0.059 ps/nm^/km or less. 
On the other hand, graph 1030 indicates an equal 
dispersion slope curve of an optical fiber having the 
pure silica core with the dispersion slope of 0.055 
ps/nm^/km or less. As can be seen from Fig, 10, the 
optical fiber of each sample has the small dispersion 
slope even with the same MFD and Acc^ in comparison 
with the optical fiber of Comparative Example B. 
[0076] As described above, the optical fibers 

according to the present invention as described 
above, in which the mode field diameter MFD at the 
wavelength of 1310 nm is 9 ]im. or less, have the small 
chromatic dispersion at the wavelength of 1550 nm and 
the small dispersion slope at the wavelength of 1550 
nm even with the same cable cutoff wavelength Acc and 
the same mode field diameter MFD at the wavelength of 
1310 nm, in comparison with the Ge02-doped silica- 
based optical fiber compliant with International 
Standard (ITU-T G.652). 
I ndu s t r i al Appl i cabi 1 i ty 

[0077] The optical fibers according to the 

present invention are applicable to the optical 
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communication not only in the 1.3iam wavelength band 
but also in the 1.55 wavelength band, as transmission 
media of WDM optical communication systems capable of 
transmitting signal light of multiple channels. 
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